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ABSTRACT: The effect of silage additives on ensiling characteristics and nutritive value of Napier grass {Pennisetum purpureum) 
silages was studied. Napier grass silages were made with no additive, fermented juice of epiphytic lactic acid bacteria (FJLB), molasses 
or cassava meal. The ensiling characteristics were determined by ensiling Napier grass silages in airtight plastic pouches for 2, 4, 7, 14, 
21 and 45 d. The effect of Napier grass silages treated with these additives on voluntary feed intake, digestibility, rumen fermentation 
and microbial rumen fermentation was determined in 4 fistulated cows using 4x4 Latin square design. The pH value of the treated 
silages rapidly decreased, and reached to the lowest value within 7 d of the start of fermentation, as compared to the control. Lactic acid 
content of silages treated with FJLB was stable at 14 d of fermentation and constant until 45 d of ensiling. At 45 d of ensiling, neutral 
detergent fiber (NDF) and acid detergent fiber (ADF) of silage treated with cassava meal were significantly lower (p<0.05) than the 
others. In the feeding trial, the intake of silage increased (p<0.05) in the cow fed with the treated silage. Among the treatments, dry 
matter intake was the lowest in the silage treated with cassava meal. The organic matter, crude protein and NDF digestibility of the 
silage treated with molasses was higher than the silage without additive and the silage treated with FJLB. The rumen parameters: 
ruminal pH, ammonia-nitrogen (NH 3 -N), volatile fatty acid (VFA), blood urea nitrogen (BUN) and bacterial populations were not 
significantly different among the treatments. In conclusion, these studies confirmed that the applying of molasses improved fermentative 
quality, feed intake and digestibility of Napier grass. (Key Words: Fermentation Quality, Lactic Acid Bacteria, Molasses, Cassava Meal) 



INTRODUCTION 

Napier grass {Pennisetum purpureum) is one of the most 
promising grasses available for ruminant production in 
tropical areas because of its high potential dry matter (DM) 
yield. However, both the DM content and the concentration 
of water soluble carbohydrates (WSC) are considered too 
low for successful ensiling. Furthermore, the number of 
epiphytic lactic acid bacteria (LAB) in Napier grass may be 
too low (Ohmomo et al., 2002; Yahaya et al., 2004) to 
ensure an uncomplicated process of fermentation. Indeed, it 
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has been shown by Bureenok et al. (2006) that the addition 
of the fermented juice of epiphytic lactic acid bacteria 
(FJLB) to Napier grass improved the quality of the silage. 
In practice, molasses is widely used as an additive to 
enhance the process of ensiling (Yokota et al., 1991; Yunas 
et al., 2000; Van Niekerk et al., 2007) because of its high 
content of WSC. However, because of economical reasons, 
an alternative source of readily fermentable carbohydrates 
is desirable. In tropical regions, dry cassava chips are 
widely used as a local feed for ruminants and they contain a 
high amount of fermentable carbohydrates. Furthermore, 
cassava meal may stimulate the process of fermentation 
because of the absorption of excessive moisture by cassava 
meal (Panditharatne et al., 1986). The first objective of the 
current study was to evaluate the effects of additional FJLB, 
molasses or cassava meal on the process of fermentation of 
Napier grass. In general, silage making and the feeding of 
silage from Napier grass is not customary in tropical 
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regions. Thus, there is a limited amount of information on 
the effect of method of ensiling on the feeding value of the 
whole ration. Therefore, the four silages from Napier grass 
as described earlier, were used to formulate four rations to 
evaluate the effects of method of ensiling on feed intake, 
selected indices of rumen fermentation and apparent 
digestibility of macro nutrients in dairy cows. 

MATERIALS AND METHODS 

Preparation of F JLB 

FJLB was prepared from 200 g fresh Napier grass, 
which was immediately macerated in 1,000 ml of sterilized 
distilled water with a home blender. The juice was filtered 
through a double layer of cheesecloth; the filtrate was 
transferred to a glass bottle and 2% glucose was added. 
Then, the bottle was capped and incubated anaerobically at 
30°C for 2 d. 

Preparation of the experimental silages 

Napier grass was harvested at the maturing stage after 
90 d of re-growth and chopped with a forage cutter into 
pieces of 2 to 3 cm. The chopped forages were treated with 
i) no additives; ii) FJLB; iii) molasses; or iv) cassava meal. 
The FJLB were applied at 1% of fresh weight which 
contained 5.58 log 10 colony-forming units (cfu)/g of total 
LAB. The molasses (72.9% DM, 1% crude protein (CP) and 
24.7% WSC on a DM basis) and cassava meal (87.8% DM, 
1.5% CP and 3.48% WSC on a DM basis) were applied at 
5% of fresh weight. Distilled water (1% of fresh weight) 
was added to the Napier grass without additive and the 
Napier grass with added molasses or cassava to adjust the 
moisture contents of the experimental forages. Thereafter, 
the experimental forages were packed tightly in plastic 
pouches. Air was withdrawn from the plastic pouches by 
means of a vacuum sealer. The pouches were stored at room 
temperature (27 to 30°C). The triplicate silages per 
treatment were opened on 2, 4, 7, 14, 21 and 45 d of 
ensiling for chemical analysis. The experimental forages 
were also packed tightly in 200-litre plastic drums with 
clamp lid and stored until the start of the feeding trial. 

Animals and feeding 

All procedures were approved by the Ethical Principles 
for the Use of Animals for Scientific Purposes of the 
National Research Council of Thailand. Four ruminally 
fistulated Holstein FriesianxRed Shindi crossbred cows 
with a mean body weight of 403+88 kg were used. During 
the experiment they were individually housed in metabolic 
cages. The trial had a 4x4 Latin square design. The cows 
were randomly assigned to receive 1 of 4 ad libitum diets: i) 
no additive silage, ii) FJLB silage, iii) molasses silage, or 
iv) cassava silage. All cows were also fed 1.5% body 



weight (BW) of a concentrate containing 16% CP (Table 1). 
The 28-d experimental period consisted of a 21 d of feed 
intake and 7 d of sampling. Feed was offered twice daily at 
08:00 and 15:00 h, and the refused portions were weighed 
daily before the morning feeding. Body weight (BW) was 
measured before the morning feeding at the beginning and 
end of each experimental period. The daily DM intake per 
unit of metabolic BW was calculated with the mean value 
of initial BW and final BW of each period. 

Collection of samples 

For the fermentative quality of silages, samples were 
taken at 2, 4, 7, 14, 21 and 45 d after closure of the plastic 
pouches. Subsamples (50 g fresh material) were macerated 
with 150 ml of distilled water and stored in a refrigerator at 
4°C for 12 h (Bureenok et al., 2006). Then, the extract was 
filtered (filter paper no. 5; Whatman, England) and the pH 
of the extract was recorded (pH meter, Lab 860, Schott). 
The filtrate was stored at -20°C until the analysis of lactic 
acid, volatile fatty acids and NH 3 -N. 

At the end of each experimental period, rumen fluid was 
collected immediately at 0, 2, and 4 h after the morning 
feeding. The rumen fluid was immediately filtered through 
2 layers of cheesecloth. The pH of the filtrates was 
measured with a glass electrode pH meter (Lab 860, Schott). 
The filtrates were divided into two portions. The first 
portion (90 ml) was acidified with 10 ml of 1 M H 2 S0 4 , 
centrifuged at 16,000xg for 15 min, and the supernatant was 
stored at -20°C until analysis of NH 3 -N and volatile fatty 
acids. The second portion was diluted for identification of 
bacterial groups (e.g., cellulolytic, proteolytic, amylolytic) 
with the roll-tube technique (Hungate, 1966). 

A 20-ml blood sample from a jugular vein was collected 
into EDTA tubes at the same time as rumen fluid sampling. 
The plasma was separated by centrifugation at 2,500xg for 



Table 1. Ingredients of the concentrate 


Ingredient 


g/kg 


Cassava chips 


545 


Rice bran 


250 


Soybean meal 


41 


Whole cottonseed 


80 


Molasses 


44 


Urea 


18 


Salt 


9 


Oyster shells 


4 


Dicalcium phosphate 


4 


Sulfer 


1 


Premix 1 


4 



1 The premix consisted of (DM-basis) 44,000 IU of vitamin A/kg, 60,000 
IU of D 3 /kg, 30,000 IU of E/kg, 11.6 g/kg of Fe, 0.03 g/kg of Co, 5.3 
g/kg of Mn, 5.6 g/kg of Cu, 11.6 g/kg of Zn, 0.07 g/kg of I, 15.0 g/kg of 
P, 10.0 g/kg of Mg and 0.06 g/kg of Se. 
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15 min and stored at -20°C until blood urea nitrogen (BUN) 
analysis was performed (Crocker, 1967). 

During the last 7 d of each experimental period feces 
were collected quantitatively from each cow at the morning 
and afternoon, according to the total collection method. The 
daily feces production of each cow was mixed thoroughly, 
and 3% of the wet weight was stored at -20°C. At the end of 
each collection period, the stored feces fractions from each 
cow were combined, mixed thoroughly and sampled. Then, 
samples were dried, ground and stored in air-dry form in 
sealed jars at room temperature until analysis. 



to the method as described by Crocker (1967). 

Statistical analysis 

Statistical analyses were performed using the general 
linear models (GLM) procedure of SAS (SAS Institute Inc., 
Cary, NC, USA) for a completely randomized design for 
silage fermentation (n = 3), while means differences 
between treatments determined using Duncan's new 
multiple range test (DMRT). Data from the feeding trial 
were analyzed using to the following statistical model (SAS, 
1985): 



Chemical analysis 

Lactic acid and volatile fatty acid in both rumen fluid 
and extract from Napier grass silages were determined by 
means of HPLC (Aminex® HPX-87H, 300 mmx7.8 mm i.d; 
column temperature, 40°C; flow rate, 0.60 ml/min, Shimzu 
Co., Ltd., Kyoto, Japan). The NH 3 -N contents of rumen 
fluid and silage extracts were determined using a steam 
distillation technique (Cai, 2004). The lactic acid bacteria 
(LAB) were plated out onto MRS agar and incubated at 
35°C for 3 d, after which viable colony-forming units (cfu) 
were determined (Kozaki etal., 1992). 

The DM content of the silage, feed and feces were 
determined by oven drying at 60°C for 48 h. The dried 
samples were milled to pass a 1.0 mm sieve. The 
concentration of WSC in forage was estimated as described 
by Dubois et al. (1956). The concentration of total nitrogen 
in forage and feces was determined by the Kjeldahl 
procedure and CP was calculated by multiplying N with 
6.25 (AOAC, 1995). Neutral detergent fiber (NDF) and acid 
detergent fiber (ADF) concentrations in forage and feces 
were determined by methods as described by Van Soest et al. 
(1991). Blood urea nitrogen (BUN) was analyzed according 



Y ijk = n+A,+Pj+D k +e 



ijk, 



where |i is the overall mean, A t is the effect of animal (i 
= 1 to 4), Pj is the effect of period (j = 1 to 4), and D k is the 
effects of diet (k = 1 to 4) and ejj k the residual variance, 
respectively. Rumen fermentation parameters and plasma 
metabolites were analyzed as repeated measures at 0, 2, and 
4 h after the morning feeding with the model (SAS, 1985): 



ijkT 



: |i+A,+Pj+D k +5 ljk +Ti+DT k i+e 



"ijkl 



where |i, Aj, Pj, D k are defined as previously described; 
T[ is the sampling time; DTk, is the interaction between diet 
and time. Throughout, the level of statistical significance 
was set at p<0.05. 

RESULTS 

Fermentation quality 

Before the process of ensiling, the epiphytic LAB count 
in Napier grass was 10 5 cfu/g fresh weight (Table 2) and 
this value rose to a value >10 8 cfu/g fresh weight after two 



Table 2. Chemical composition of Napier grass, before and after, ensiling 


for a period of 45 days 










Before ensiling 




Experimental silages 




SEM 


p-value 




No additive 


FJLB 


Molasses 


Cassava 


DM (g/kg) 


275 


289 a 


265 b 


280 ab 


293 a 


5.8 


0.0173 


NH 3 -N (g/kg total N) 


NA 


73 


63 


68 


67 


4.5 


0.5088 


pH 


5.6 


3.96 a 


3.72 b 


3.75 b 


3.73 b 


0.04 


0.0002 








— g/kg DM 










CP 


41 


43 


49 


45 


45 


3.6 


0.4073 


WSC 


90 


12 b 


15 b 


24 a 


13 b 


2.8 


0.0676 


NDF 


748 


712 ab 


726 a 


705 b 


623 c 


9 


0.0326 


ADF 


401 


470 ab 


488 a 


461 b 


392 c 


5.5 


<0.0001 


Lactic acid 


NA 


49 c 


79 ab 


94" 


62 bc 


5.6 


0.0024 


Acetic acid 


NA 


10.9 b 


9.2 b 


20.8 a 


7.2 C 


2 


0.0063 


Propionic acid 


NA 


1.7" 


3.7 a 


ND C 


ND C 


0.43 


0.0010 


Butyric acid 


NA 


16.1 a 


5.9 b 


7.7 b 


2.7 b 


3.22 


0.1590 



NA = Not analyzed, and ND = Non detectable; zero value was used in statistical analysis. 

FJLB = Fermented juice of epiphytic lactic acid bacteria; DM = Dry matter; NH 3 -N = Ammonia-nitrogen; N = Nitrogen; CP = Crude protein; WSC = 
Water soluble carbohydrates; NDF = Neutral detergent fiber; ADF = Acid detergent fiber; SEM = Standard error of means. 
Values in the same row followed by different letters are significantly different (p<0.05). 
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Day of fermentation Day of fermentation 

Figure 1. Changes in LAB counts (panel a), pH value (panel b), lactic acid (panel c) and butyric acid (panel d) during the ensiling period. 
Values are means of three silage samples. Different letters indicate a significant difference between treatments (p<0.05). Symbols: ♦, no 
additive; ■. FJLB; ▲, molasses; x, cassava meal. 



days of ensiling (Figure la). In the course time, LAB counts 
declined to approximately 10 6 cfu/g fresh weight and were 
not different among silages. All three additives rapidly 
decreased silage pH which reached the lowest value within 
7 d of the start of fermentation, as compared to the control 
(Figure lb). Lactic acid levels varied with the time of 
ensiling and among the silage treatments (Figure lc). 
Despite the high levels of lactic acid in the silages treated 
with FJLB and molasses, pH values were not significantly 
different between the silages treated with additives. Butyric 
acid concentrations rose during the first 20 d of 
fermentation, irrespective of treatment. Thereafter, butyric 
acid concentration remained constant in the silages with 
additives while it further increased in the silage without 
additive (Figure Id). After 45 d of fermentation, the highest 
acetic acid concentrations were observed in the silage with 
molasses, while the lowest value was observed in the silage 
added with cassava meal (Table 1). Propionic acid could not 
be detected in the silages treated with molasses or cassava 
while the highest propionic concentration was observed in 
the FJLB treated silage. The process of fermentation clearly 
decreased the WSC content of Napier grass but the decrease 
in WSC content was the lowest in the silage treated with 
molasses. The CP content of Napier grass silages were 



neither affected by the ensiling process nor by any additive 
used in the current experiment. This observation is in line 
with the fact that NH 3 -N also was not significantly 
influenced by any treatment. The use of cassava meal 
significantly lowered the NDF and ADF contents of the 
silages. 

Feed intake and digestibility 

The intake of silage was clearly affected by treatment 
(Table 3). DM intake of silage was significantly higher 
when molasses was used as a silage additive while the use 
of cassava meal resulted in the lowest DM intake of silage. 
Because all cows consumed the same amount of concentrate, 
total DM intake showed the same pattern as DM intake 
from silage. The use of molasses as a silage additive was 
associated with a significantly higher DM digestibility 
compared to the silage without additive. The digestibility of 
organic matter (OM), CP and NDF was similar for the 
silage without additive and the silages treated with FJLB or 
cassava meal. The intake of silage treated with molasses 
resulted in significantly higher digestibility of OM, CP and 
NDF compared to silage without additive and the silage 
treated with FJLB. The digestibility of ADF was not 
affected by treatment. 
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Table 3. Voluntary feed intake (VFI) and nutrient digestibility 


in cows fed the experimental silages 








No additive 


FJLB 


Molasses 


Cassava 


SEM 


p-value 


Total VFI 














% BW 


2.14 b 


2.19" 


2.41 a 


2.12" 


0.02 


0.0310 


g/kg BW° 75 


94.8° 


99.2" 


108 a 


95.1° 


0.01 


<0 0001 


Silage intake 














% BW 


0.79 b 


0.84" 


1.06 a 


0.77" 


0.02 


0.0269 


g/kg BW° 75 


35. l b 


38.57" 


47.62 a 


34.73" 


1.24 


0.0030 


Digestibility (%) 














DM 


75.64 b 


75.99 a " 


81.54" 


76.18"" 


1.43 


0.0943 


OM 


77.43 b 


77.82" 


83.22" 


78.06"" 


1.36 


0.0878 


CP 


76.95" 


75.27" 


81.09" 


77.5 a " 


0.98 


0.0454 


NDF 


66.6 b 


67.26" 


76.75 " 


68.57" 


1.76 


0.0314 


ADF 


66.76 


67.63 


76.33 


65.22 


2.91 


0.1382 



FJLB = Fermented juice of epiphytic lactic acid bacteria; BW = Body weight; DM = Dry matter, OM = Organic matter, CP = Crude protein; NDF = 
Neutral detergent fiber; ADF = Acid detergent fiber; SEM = Standard error of means. 
Values in the same row followed by different letters are significantly different (p<0.05). 



Rumen fermentation and microorganism population 

It appeared that the molar proportions (mol/100 mol) of 
acetic-, propionic- and butyric acid were not significantly 
affected by the experimental silages used after feeding 
(Table 4). The mean ruminal pH value (6.5 to 6.9) was 
similar in all four treatments. The rumen NH 3 -N content 
was 17.1 to 20.8 mg/dl and did not differ significantly 
among treatments. The viable cellulolytic, amylolytic, 
proteolytic bacteria and protozoa populations (log cfu/ml) 
were not significantly different between treatments. The 
BUN concentrations ranged from 13.3 to 17.2 mg/dl 
between experimental treatments but these differences were 
not statistically significant. 

DISCUSSION 

Fermentation quality 

In practice, parameters such as silage pH, short chain 
fatty acids and ammonia content are valuable indicators of 



silage quality. It is generally accepted that in silage pH 
values should be <4.5, lactate >30 g/kg DM (McDonald et 
al., 1991) and NH 3 -N content should not exceed 100 g/kg 
total nitrogen (Umana et al., 1991). Clearly, all the 
experimental silages met these criteria. Interestingly, LAB 
count was similar for the silage without additive and that 
with additional LAB while the lactic acid content was 
significantly higher in the silage with the FJLB. Thus, it 
seems that the content of intrinsic WSC in Napier grass did 
not limit lactate production. Apparently, the amount of 
epiphytic LAB in Napier grass was high enough to ensure a 
proper process of ensiling. On the other hand, butyric acid 
content of the silage without additive was high; i.e. 21% of 
total short chain fatty acids. Such a value is too high; 
according to McDonald (1991) silages containing more than 
10% butyric acid (% of total short chain fatty acids) are 
poorly preserved. The high butyric acid content of the silage 
without additive may be explained by the relative low 
osmotic pressure of the fresh Napier grass due to its high 



Table 4. Effects of silage additives on rumen fermentation characteristics and microbial counts in cows fed the experimental silages 







Experimental silages 




SEM 


p-value 




No additive 


FJLB 


Molasses 


Cassava 


pH 


6.8 


6.9 


6.5 


6.8 


0.21 


0.6820 


Acetic acid, C2 (mol/100 mol) 


72.6 


72.2 


70.6 


67.3 


4.08 


0.3912 


Propionic acid, C 3 (mol/100 mol) 


18.2 


17.9 


18.5 


19.5 


3.14 


0.7506 


Butyric acid, C 4 (mol/100 mol) 


9.2 


9.9 


10.7 


13.2 


1.6 


0.3241 


NH 3 -N (mg/dl) 


17.1 


17.6 


20.1 


20.8 


1.18 


0.1635 


BUN (mg/dl) 


13.3 


17.2 


13.6 


15.4 


2.66 


0.7258 


Viable bacteria (log cfu/ml) 














Amylolytic bacteria 


5.8 


5.7 


5.5 


5.4 


0.05 


0.6422 


Proteolytic bacteria 


5.8 


5.9 


6.1 


5.7 


0.18 


0.4397 


Cellulolytic bacteria 


7.1 


7.2 


7.3 


7.2 


0.17 


0.7874 



FJLB = Fermented juice of epiphytic lactic acid bacteria; NH 3 -N: Ammonia-nitrogen, BUN = Blood urea nitrogen; SEM = Standard error of means. 
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moisture content (Muck, 1988). The practical relevance of 
high levels of butyric acid lies in the implication that feed 
intake might be reduced due to a reduced palatability (Rook 
and Gill, 1990). Both the absolute content and relative 
content (% of total short chain fatty acids) of acetic acid 
were highest in the silage treated with molasses; values 
being 20.8 g/kg DM and 17% respectively. The underlying 
reason is not clear but it might be speculated that the use of 
molasses stimulated the growth of hetero -fermentative 
instead of homo -fermentative LAB due to the specific 
source of WSC in molasses; i.e. sucrose (Steg et al., 1985). 
It has been mentioned previously that the lactic acid content 
was also very high in the silage with additional molasses. 
The concomitant production of lactic acid and acetic acid is 
considered positive because acetic acid increases the 
aerobic stability due to the inhibition of spoilage organisms 
(Danner et al., 2003). It has been indicated by Lima et al. 
(2010) that a good quality of silage is associated at least 
70% but no more than 90% lactic acid and no more than 
20% acetic acid (% of total short chain fatty acids). Thus, 
taken aforementioned considerations into account, molasses 
can be considered as the most promising additive to ensile 
Napier grass. 

Similar to the addition of molasses, the addition of 
cassava meal to Napier grass resulted in increased lactic 
acid contents compared with the untreated silage but the 
difference just failed to reach statistical significance when 
cassava meal instead of molasses was used. Despite the fact 
that both molasses and cassava are rich in carbohydrates, 
cassava meal versus molasses contains high amounts of 
starch and low amounts of WSC. Apparently, lactate 
production is more efficient when WSC instead of starch is 
fermented (Sibanda et al., 1997). 

The NDF content of Napier grass was clearly affected 
by the process of fermentation. The reduction of NDF 
content observed in the all the experimental silages may be 
explained by the hydrolysis of NDF-bound N (Jaakkola et 
al., 2006; Huisden et al., 2009) during fermentation. NDF 
was lower in molasses and cassava meal silages compared 
with the untreated and FJLB silages. This can be explained 
in that the addition of 5% (w/w) of molasses and cassava 
meal (non-fiber sources) may dilute the proportion of these 
fibers. ADF content in the silage was increased when 
compared with the material crops that may be caused by the 
losses of other components during the fermentation 
(Jaakkola et al., 2006). 

Feed intake and digestibility 

Interestingly, addition of molasses to Napier grass 
versus no additive resulted in a 1.4 times higher intake of 
silage. The increase in silage intake may be explained, at 
least partially, by the higher residual WSC content in the 
silage treated with molasses (Murphy, 1999). Alternatively, 



it has been discussed that the aerobic stability of the silage 
with molasses was increased thereby potentially preventing 
the growth of spoilage organisms (Danner et al., 2003). 
However, the plastic drums used in this study were finished 
in 2 to 3 d and special care was taken when the drums were 
closed after each feeding. Thus, aerobic deterioration may 
not have been too important during this feeding trial. 
Nevertheless, it may be speculated that silages prepared 
with molasses are advantageous to stimulate dry matter 
intake. 

The increase in DM and OM digestibility for silages 
ensiled with molasses are in line with the observed lower 
NDF content of this silage. In contrast, addition of cassava 
meal to Napier grass did not improve nutrient digestibility. 
Indeed, cassava meal is rich in energy and is highly rumen 
degradable (Wanapat, 2009). It may be speculated that the 
addition at a level of 5% was too low to affect digestibility. 
Indeed, it was shown by Yang et al. (2004) that addition of 
10% corn meal improved NDF digestibility of silage from 
Napier grass. 

Rumen fermentation and microorganism population 

In this study, selected indices of rumen fermentation 
were not affected by any treatment. This lack of effect of 
experimental treatments on rumen fermentation may be 
explained by the relative low level of DM intake. This 
explanation is corroborated by the observations of both 
Schonewille et al. (2000) and Pilachai et al. (2011), whom 
also could not demonstrate a clear effect of readily 
fermentable carbohydrates on rumen fermentation when 
cows were fed less than 10.5 kg DM/d. Thus, it may be that 
the level of DM intake in the present study was too low to 
effectively influence the process of rumen fermentation. 

The outcome of this study suggests that molasses is the 
most suitable alternative to enhance the ensiling process in 
Napier grass. 
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